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I. INTRODUCTORY REMARKS. 

AMONe the curious fact~ of the 19th century there are few things 
more notable than our comparative ignorance of the geography and 
geology of the Empire of Morocco. Here is an extensive country 
within sight of Europe, and even within sound of the guns of a 
:British garrison-town, about which we in many respects know less 
than about many districts in the remotest depths of the ,~_frican Con- 
tinent.  Within  recent years something has been done to dispel our 
ignorance of the geography of Morocco, but geologically our knowledge 
of it remains almost at a standstill. 

Previous to the expedition of Sir Joseph Hooker to the Great 
Atlas in 1871, hardly a single ray of light had been thrown upon 
the stratigraphieal constitution of Southern Morocco, and since that  
time barely one trustworthy fact has been added to the sum total. 
Practically the geological literature of Southern Morocco consists of 
a paper by Mr. Maw, who accompanied Sir Joseph, entitled ' Notes 
on the Geology of the Plain of Marocco & the Great Atlas,' and 
published as an appendix to Hooker & Bali's ' Tour in Marocco & 
the Great Atlas.' 1 

In  the beginning of 1888 I conceived the idea of attempting the 
exploration of the less known parts of the Moorish :Empire, and 
especially of the Atlas MountaiDs. In  pursuit of this enterprise I 
left England on March 9th, returning home towards the end of 
October, successful beyond my expectations so far as the Atlas 
and Southern Morocco are concerned. I was enabled to cross the 
range in several new directions, and ascend heights never before 
achieved, with the result that  a clearer and more accurate notion of 
the geography of the Atlas has been secured. 

But while geographical exploration was my special object, and 
largely absorbed my attention and time, I was not unmindful of 
the claims of geology, nor forgetful of its intimate connexion with  
geography. In  venturing now to bring together my geological 

1 [London, 1878. Appendix H, pp. 446-467, with 6 figs. in the text, & 
horiz, sect.] 
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gleanings in the form of a paper, it is necessary to remember two 
things : first, that  I do not write with the authority of a geologist, 
but  only as a geographical explorer with a certain amount of geo- 
logical training. Equally important is i t  to remember that the 
conditions of travel in Morocco are not such as will permit of any-  
thing but the most cursory examination of the strat, a which may 
crop up before the traveller. I very cordially agree with Sir 
Joseph Hooker's conclusion that  Morocco is the most difficult of all 
countries in which to travel with advantage, so soon as the great 
highways are left behind. The traveller is looked upon as a spy 
examining the riches of the country. Everything that  he does is 
seen through the medium of this belief, and twisted accordb~gly. 
His servants and escort are not only spies, but obstructionists of the 
most maddening type. I t  is sufficient to be seen doing or collecting 
something that  the natives do not understand, to be turned back 
at an important point or plunged into a world of trouble. That 
traveller has the most chance of going farthest who appears to do 
and see least, and who seldom ventures from the beaten track. 

Of all scientific pursuits in that  country, botanizing is the least 
dangerous, ibr the Moors have the greatest faith in the medicinal 
virtues of plants and interpret the collector's movements accordingly. 
With geologizing, however, it  is far different. To be seen examining 
rocks, chipping off specimens, or picking up pebbles is sufficient to 
raise a frightful hue and cry throughout a whole ncighbonrhood. 
Such proceedings can bear but one in terpreta t ion-- that  the Christiatt 
is seeking for valuable minerals, which the natives firmly believe 
abound everywhere, and that  the discovery of such mineral wealth 
will only tempt the Europeans to seize their country. 

Under any circumstances this restriction would be bad enough, 
but it was doubly so in my own case, as I had to force my way into 
the Atlas Mountains in face of the express prohibition of the 
Government, and in spite of unwilling servants who did all in their 
power to thwart  me, and were ever ready to turn the slightest 
action on my part as a weapon against me. :My own men formed 
my greatest danger and obstruction, and more than once, when 
success in some feat or other seemed assured, I was defeated by 
their treacherous underhand plots and misrepresentations. The 
following notes then, be it  understood, are almost, entirely gleaned 
by passing glances from the pathway, unaided by careful examina- 
tion or gathered specimens for after-study. Hence their sketchiness, 
and, if they can claim to have shy value at all, it is because the 
Atlas Mountains form virgin ground to the geologist, where he 
could fail to note something new only by absolutely shutting his 
eyes to everything around him. 

I I .  GEOGRAPHICAL SKETCH OF SOUTHERN MOROCCO AND TIrE zkTLAS. 

The country to which the following notes apply is that  tri- 
angular part of Southern Morocco 1 whose base is the Atlantic Ocean, 

i [Most, if not all, of the localities mentioned in the present paper will be 
found fi~ t~le author's map of South-western Morocco, Prec. Roy. Geogr. See. 
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between Saffi in the north and Agadir in the south, the apex being 
the district of Demnat, on the northern slopes of the Atlas Moun- 
tains, and some 60 miles east of the city of Morocco. 

Regarded geographically, this area may be described as consisting 
of three sections : - - (1)  A comparatively small tract of coastal low- 
lands rising to a height of 700 feet, and forming the province of Abda. 
(2) A larger area of plateau-land occupying the greater portion of 
the triangle and consisting of two platforms, the northern rising in 
altitude from 1000 to 2000 feet, forming the provinces of Bled 
l:[ummel, Shiedma, Rahamna, and the minor Kaidships into which 
the plain of Morocco is divided; while the southern platform 
consists of more irregular highlands, ranging from 3500 to nearly 
5000 feet above sea-level, and comprising the important provinces 
of t Iaha and Mtuga. (3) The third great feature in this part of 
Southern Morocco is the Atlas itself. Formerly this magnificent 
range of mountains was described as beginning at the coast, but 
as the result of my observations I have come to the conclusion that 
geologically and geographically it commences in reality as a range 
nearly 30 miles inland, where the glen of the Asif Ig forms a sharp 
line of demarcation between the plateau and the mountain-chain. 

Assuming, then, that the Atlas range commences at the Asif Ig, 
we find that it trends east by north, rapidly rising to heights 
varying between 8000 and 10,000 feet, and forming a massive range 
which towers up from a broad pediment 2000 to 4000 feet lower. 
:Farther east, or some 60 miles from its western end, the range 
attains a general altitude of nearly 11,500 feet, the highest summit 
at this part being Jebel Ogdimt, which I ascended and found to be 
more than 12,700 feet high. 

From Jebel Ogdimt eastward for a distance of 60 miles, the 
Atlas displays its highest summits, reaching an altitude which 
I estimated at 14,500 feet, in the culminating mass of the 
Tizi-n-Tamjur~. At the Tizi Likumpt, on its eastern shoulder, I 
reached a height of 13,150 feet, and was therefore in a position to 
form an approximate estimate of the height of the Tizi-n-Tamjurt. 
Along this central part of the range, the trend of the main axis is north- 
easterly, a direction which it maintains for a considerable distance. 

Though thus attaining exceptionally high altitudes, the Atlas 
exhibits scarcely any conspicuous peaks or mountain-masses. :Now 
and again, a part of the range seems to promise such a feature, but 
irt almost every case an alteration of the point of view shows it to 
be more illusory than real. Seen from the city of Morocco. Ole 
only peaks that can be easily identified are Jebel Erduz, Jcbel 
Tezah, Jebel S i t - - the  Miltsin of Adm. Washington ~--and Jebel 
Glauwa; and even these, as compared with the general altitude and 
imposing mass of the range, are but small protuberances. 

On the whole, the general appearance of the Atlas is disappointing, 

vol. xi (1889), facing p. 64. views of the mountain and glen scenery: repro- 
duced from the author's photographs, appear in his popular account of 
' Travels in the Atlas & Southern Morocco,' London, 1889.--ED]. 

L [, Geographical Notice of the :Empire of Marocco,' Journ. :Roy. Geogr. See. 
vol. i 0832) p. 140.] 
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especially when near at hand. It is too uniform in height, toe 
little broken in outline, and it rises to its culminating crest by toe 
many steps, to produce that effect on the observer's mind which one 
naturally associates with mountain-masses rising to an altitude of 
13,000 feet. Only in early spring, when partially covered with 
snow, and when seen at a distance of 50 or 60 miles, does it 
present a really picturesque and imposing appearance, for then the 
lower steps are blended into the one great range and it looks the 
magnificent mass that it really is ; while the snow brings into relief 
such prominences as there are, and shows up the glens and depres- 
sions with picturesque effect. 

With mountains of such height and extent one naturally expects 
to find numerous rivers draining their rain and snowfall to the 
plains : these, of course, are not wanting. From near Demnat t~ 
Mtuga, at the western end of the range, the northern slopes are 
drained by the various tributaries of the Wads Tensift and Um-er- 
Rebia. Of the latter, the most important affluents in the district 
of which I speak are the Demnat and the Tessaout, neither of which 
penetrates quite into the heart of the range, though draining right 
up to the base of the central crest. 

It  is different with the chief tributaries of the Tensift. Taking 
them in their order from east to west, the first is the Wad Gadat, 
which not only penetrates all the lower range but nearly cuts across 

t h e  centre of the chain, thus forming the Tizi-n-Teluet or Pass ton 
Tehet,  and the basin of the Wad Draa. 

A few miles west of the Gadat flows the Wad Misfiwa, which 
cuts less deeply into the central mass. A little farther west again 
comes the Wad Urika, which after penetrating right into the heart 
of the main chain splits into two : one branch gathering its waters 
from the ffebel Asif Sig, and forming a pass to the southern slopes,. 
while the other branch, turning westward, has carved for itself a deep 
impassable glen along the central crest, which it thus cuts in two 
for a distance of nearly 30 miles. The next important stream that 
one meets is the Wad Reraya, which, after cutting through the  
lowest of the outer Atlas steps, separates in*o two branches, both 
of which reach the central crest without cutting much into it. 
Most important of all, however, is the Wad Nyfis, which, after 
penetrating into the very heart of the range, divides into two, the 
larger branch (as in the case of the Urika) turning westward and 
draining a great glen called Gindafy, which it has excavated for 
itself right up to Jebel Ogdimt, thus slicing longitudinally the back- 
bone of the chain. The other branch, the Wad Agandice, has cu t  
for itself a veritable caSoa through the southern section of the 
divided crest, and practically gathers its waters from the southern 
slopes. Still going westward, the Asif el Mel is the only stream of 
any size which penetrates to the base of the main range, and then 
divides. The Wad Imintanut, though but a small stream, is of 
importance as the excavator of a glen through the outer slopes, 
along which runs the chief road from Morocco proper to Sus. This 
glen, with the Wad Ida Uziki and the Asif Ig, serves to mark of f  
the western extension of the Atlas range. With the single exception 

Q.~I.G.S. No. 218. o 
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4)f the Wad Misfiwa, I penetrated the glens of the streams described, 
and was thus able, thanks to the sections displayed in their precipices 
and bare rocky slopes, to form a very fair idea of the internal 
structure and constitution of the range, despite the difficulties which 
beset me on every hand. 

As regards the southern slopes, I need say but little : from Agadir 
to the borders of the province of Glanwa the Wad Sus collects all the 
drainage, while farther east the Draa performs that function. 

In possession of these general notions regarding the geography of 
Southern Morocco and its great mountain-chain, one may now more 
intelligibly proceed to consider the internal structure of the region. 

I I I .  T~rE CoAs'rA• LowI~nDs. 

Commencing this survey with the coastal lowlands, I may re- 
mark that they are practically conterminous with the Tertiary 
deposits, which here attain a very considerable development. 

At Casablanca they form a vast plain, but little raised above the 
level of the sea, and consisting of grey and puce-coloured shales, 
which probably, judging from lithological resemblances, belong to 
the same series as the Cretaceous rocks around Tangier. 

Travelling southward, the country rapidly rises to a height of 
100 or more feet, and stretches out. in undulating treeless monotony. 
Here one remarks flaggy sandstone, which far~her on disappears. 
At Azimur the cliff-sections of the Um-er-Rebia show a series of 
reddish friable rocks and porous conglomerate, with shell-rock at 
the top. The lower of these have been regarded as Eocene, and 
the upper as Miocene--from the occurrence of Teredina personata 
in the one, and Balanus sulcat.us, Pecten Beudanti, Area, Buccinum 
prismaticum, and Gonus in the other. ~ 

From Mazagan to the south of Azimur my route led inland 
through the provinces of Dukalla and Abda, and as there were 
neither watercourses nor cliffs it was impossible to form any idea 
of the geology, except of such rocks as cropped out at the surface. 

Nothing more was to be seen of the flaggy sandstones and shales 
of Cretaceous age, or of the conglomerates and marls noted at 
Azimur. The whole country appeared to be covered to a consider- 
able depth with a compact shell-sand, full of fragments of Pecten 
and Conus, all belonging, I judge, to Pliocene times. These deposit.s 
are found at an ever-increasing elevation as one goes southward-- 
occurring as high as 700 feet above sea-level to the east of Safll. 
This is undoubtedly due to their inclusion within the area affected 
by the upheaval of the Atlas--the district nearest the focus of 
elevation having undergone the greatest upheaval. 

In travelling over these Tertiary lowlands it beeome~ very clear 
to the explorer that the surface-features of the country are not such 
as would result from subaerial denudation. On all sides, one sees 
curious hummocky mounds and ridges wit, h no determinate or general 
trend, as well as cup-shaped and irregular hollows, which could 

1 [Maw, App. H to Hooker & BaLi's ' )/iarocco & the Great Atlas' (1878) 
p. 453.] 
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in no wise be formed by the ordinary action of surface-streams. 
These lowland areas, in fact~ represent a Tertiary sea-bottom, 
raised above the water exactly as it was formed. I t  might have 
been supposed that all its characteristic features would have been 
obliterated during the long ages which have elapsed between its 
first appearance above water and the present day. The survival of 
these features, without a doubt, is due to the porous character of the 
shell-sands, permitting the absorption of the rainfall, and preventing 
the formation of stre}ams and rivulets. Over large districts, however, 
the subaerial denudation of the country has been prevented in a 
totally different manner--namely, by the formation of a slag-like 
calcareous crust of extreme hardness, which practically seals up 
the ground and defies equally the operations of the husbandman 
and the weathering agencies of nature. 

The natives take advantage of the occurrence of this s]aggy crust 
over an easily-excavated rock to dig their underground granaries 
and reservoirs. Its origin is ascribed by Maw, 1 and I believe 
correctly, to the rapid evaporation of waters charged with soluble 
carbonate of lime by the intense heat of the sun. The residual 
carbonate is deposited layer by layer on the surface. He speaks 
of it forming accumulations in this manner several feet thick ; but 
on that, point I am disposed to think that he must be mistaken, 
and that he has confounded the surface-soil and upper layers of 
rock cemented into a more compact mass by the precipitated car- 
bonate with the actual deposit of  calcareous crust itself. In any 
case, I have never seen any such deposit thicker than a couple of 
inches, while I have frequently observed the surface-layers of a 
porous rock as well as sand cemented by the deposition of new 
matter into a marble-like compactness. 

I t  would be difficult to say what thickness these Tertiary shell- 
sands reach, but it is probably in places 200 or 300 feet. At one 
locality, south of Saffi, our Vice-Consul, Mr. ]:[unot, sank a well 
for a depth of more than 100 feet, before reaching a white 
lithographic stone; and a section exceeding 200 feet in thickness 
is shown at the Jews' Cliff, a few miles south of Safll. At the 
last-named locality, Miocene beds are seen cropping out from beneath 
others of 1)liocene date, and dipping at a considerable angle north- 
westward. Underneath, at the base of the cliff, are Cretaceous red 
and grey marls, and a white sandstone. 

Among the most interesting phenomena, however, observable 
in the Tertiary deposits near Safll are several quarry-like holes in 
the shell-rock. One of these may be found close to Mr. ]:[unot's 
farm, and another immediately behind the Jews' Cliff. At  a 
cursory glance, one would naturally assume them to be what they 
seem, namely, quarries, until a more careful examination shows that 
the rock is not such as is used for building, and that if they have 
been used as quarries they have been worked in a very unusual 
~nd peculiar manner. 

On the other hand, the inhabitants themselves look upon these 

lOp. cir. p. 455.] 
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holes as something beyond their knowledge. The cavity near  
Mr. ttunot's farm is a circular pit, 30 or 40 feet in diameter and 
from 20 to 30 feet deep. On one side rises a pillar of pure white. 
calcium carbonate, strangely unlike the reddish-yellow shell-rock 
which surrounds it. This white carbonate spreads out, mushroom- 
like, at the top, and forms a considerable deposit on the surface. 

The only theory by which I can account for" this curious pit, 
with its white pillar, is that at one time a hot spring, charged 
with carbonate of lime, rose to the surface where now stands the- 
pillar, depositing its calcareous burden at its mouth. In time, th~ 
pipe by which it found its way to the open air became choked by 
encrustations of carbonate of lime, and then an explosion of steam 
drilled a broader passage through the superincumbent rock, forming 
the quarry-like cavity that now exists. The formation of the other 
cavities may be reasonably ascribed to a similar cause. 

IV. T ~  P~ATXAV. 

On quitting the lowlands for the plateau the traveller practically 
leaves behind the Tertiary area, and enters upon a region charac- 
terized by metamorphic rocks and Cretaceous grey and cream- 
coloured limestones, red sandstones, and red and purple clays. I 
am aware that Maw suggests the possibility that some of the strata 
in the plain of Morocco and on the flanks of the Atlas may yet 
prove to be of Miocene age, but this supposition appears to me to 
be founded on insufficient evidence. Certainly, as yet, no pal~eon- 
tological data have been brought forward to support this idea, and" 
the lithological evidence is of the most slender nature. In my 
own opinion, the whole of the plateau of Southern Morocco has 
been above water since the earliest Tertiary times. 

�9 

The m e t a m o r p h i c  r o c k s  cover the whole: of Rahamna and; 
most of the great plain of Morocco, formed by the various tr ibu- 
taries of the Tensift descending from the Atlas. In :Rahamna and 
Srarna they attain a considerable development, forming a very 
broken and irregular series of mountains, termed Jebelet or Lit t le 
Mountain---the Atlas being the Jebel or Mountain proper. 

The Jebelet consists of much smashed and contorted clay-slates, 
mostly lying vertical, with a general north-north-east and south- 
south-westerly strike. These rocks, owing to their friability and 
to the ease with which they split up, owing also to the prevalence 
of more compact bosses and veins, form an extremely chaotic com- 
plex of barren peaks and  .~agged ridges, having a general trend 
parallel with the strike. Possibly these metamorphic mountains 
represent the western, outcropping ends of a great syncline o f  
clay-slates, the plain of Morocco occupying the hollow; while t h e  
opposite or eastern end forms the core of the central axis of the 
Atlas itself. The southern limit of outcrop is not yet ascertained, 
but the series is seen close to Amsmiz, and thence it p robably  
runs north-westward or north-north-westward to the Wad Tensift. 
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The rest of the plateau is entirely occupied by the C r e t a c e o u s  
r o c k s ,  which may be divided into two groups : (1) the Lower, or 
red shales and sandstones ; and (2) the Upper, or grey and cream- 
eoloured limestones. 

(1) The red  s h a l e s  and s a n d s t o n e s  are chiefly exposed, 
owing to the comparative absence of the Upper beds, in the pro- 
vince of Bled Hummel, which has received its name of Hummel, or 
Red, from the prevalent eolour of the strata and soil. 

Passing eastward from Saffi over the Tertiary shell-sands of 
;Abda, the red shales are seen to rise in an abrupt escarpment several 
hundred feet high, having a capping of white limestone of no 
great thickness, and continue thence to the metamorphic area of 
Rahamna. South of the Wad Tensift the Lower Cretaceous rocks 
are almost entirely masked by the limestone, except where dis- 
Surbances of the strata have brought them to the surface. Such 
disturbances have taken place at Jebel Hadid, south of the Wad 
Tensift, and at the Ida Issa Mountains, south of Mogador; but 
elsewhere they are little seen. 

There is one feature of these red shales which is worth noting, 
namely, the prevalence of salt-springs. Wherever the shales are 
found, there also brine-springs occur. In Bled Hummel the brine- 
springs are so abundant as to give rise to the small saliferous lake 
of Zima, whence in the summer a considerable quantity of salt is 
obtained by evaporation from the shallows and backwaters. Close 
to 5ebcl Hadid are brine-springs, which are led into shallow pans, 
where the water is evaporated. Among the shales of the Ida Issa 
Mountains similar springs are found. Leaving, for a moment, 
the plateau for the Atlas, one notes the same occurrence. At 
Demnat, not only brine-springs, but extensive salt-deposits occur. 
In  the basin of the Wad Gadat there is a salt-stream ; at Asni in 
Reraya brine-springs well out, which supply all that section of the 
range with salt. Other localities might be mentioned where brine- 
springs are associated with the red shales, but these will suffice for 
~)ur purpose. 

(2) The U p p e r  C r e t a c e o u s  or L i m e s t o n e  group of Southern 
Morocco attains an enormous development. Setting aside the 
Atlas, these rocks are found rising to a height of over 5000 feet 
above sea-level ; they are largely composed of limestones with white 
marls and shales, and at places yellowish sandstones--the whole 
resting on the red and purple shales and sandstones. 

Considered as a whole, they seem to have been but slightly dis- 
turbed, despite their elevation to the extent mentioned, which would 
seem to show that they were raised by some gradual movement, 
rather than by any violent and sudden action. As might be expected, 
however, there is more evidence of violent disturbance of the strata 
.as one approaches the principal focus of upheaval--that is, the line 
along which the Atlas range has been squeezed or ridged up to its 
:present position. There can, of course, be no doubt that the forces 
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which produced the mountain-chain are the same as those which 
formed file plateau. 

Allusion has already been made to two districts where local 
disturbances of the strata have occurred. Of these, the most 
interesting is Jebel Hadid, or Iron Mountain. ]=[ere the massive 
compact limestones are thrust up from their horizontal position, till 
they stand on end, forming a narrow rangenear ly  20 miles long, 
recalling in its jagged skyline the dorsal fin of a fish. The internal 
force, however, which was sufficient to form a mountain-range 
2500 feet high was not expended in the effort, and assumed 
volcanic character in drilling a way for itself through the heart of  
the mountains, forming a huge pit, now nearly filled with the fallen 
de~bris. Springs, probably hot and charged with hydrated oxides 
of iron, succeeded what was doubtless a primary explosion of steam, 
and deposited their mineral burden among the shattered rocks and 
volcanic ejectamenta. In process of time, these springs either dried 
up or found exits in other parts of the district; and within the 
historic period the natives of the country have found it worth their 
while to extract the ore left behind in the famous iron-mines, which 
have been worked from time immemorial, though totally disused at 
the present day. I t  is not improbable that there is some connexion 
between the Hadid disturbance and the curious pits in the Tertiary 
rocks near Saffi (see p. 195), as also the hot springs on the Kaib, 
close to Mogador : they are all situated along the same line. 

Over the greater part of this Cretaceous area no fossils are found. 
This is specially the case in the province of Shiedma and the greater 
par~ of t taha. In Mtuga, however, and in the mountainous district 
of the Ida-Utanein, fossiliferous beds are numerous and will certainly 
yield a valuable harvest to the pal~contologist who can devote some 
time to their examination. Unfortunately I myself ~vas unable to 
do much collecting, as I was in a manner flying for my life wher~ 
I crossed the fossiliferous district and dared not increase the danger 
which we ran, by wasting time or adding to our impedimenta. The 
few fossils that I was able to pick up, however, included charac- 
teristic Cretaceous forms. 

V. THE ATLAS MOUIXTAINS. 

Turning now to the A.*!as Mountains, the third section into which 
I have divided Southern Morocco, it should be clearly understood, 
that, in speaking generally of the Atlas, I include simply that section 
of the range which came under my own observation : namely, from 
Demnat to the western end. 

Stated briefly, the Atlas exhibits an approximate repetition of the  
geology of the plateau. There is, first, a core or backbone of meta- 
morphic rock, more or less disturbed by the intrusion of diorite, 
porphyrite, and other igneous rocks, and rising to the highest 
elevation of the range. Secondly, there is an enormous development 
of the Lower Cretaceous Series, flanking the metamorphic rocks oa 
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both sides of the range, and,  north of Jebel Glauwa, completely 
,aasking them. This series may be found at a height of over 
11,000 feet above sea-level on either side of the Tizi-n-Telue& 
J:hirdly, there is a less conspicuous development of the Limestone 
Series, flanking only the outer and lower elevations of the range, and 
probably never rising to a greater elevation than 5500 feet. This 
series (in the mountains) is characterized by the numerous basalt- 
dykes which break through it, with a general trend parallel to the 
main axis of the chain. In the fourth place, though no clear proof 
is forthcoming that any of the coastal Tertiary rocks are repre- 
sented, there is undoubted evidence of a Glacial period in the later 
history of the mountains, in the shape of moraine-heaps and ice- 
worn rocks and boulders in their glens and valleys. 

Where so little is known, every observation has a certain value ; 
and therefore, instead of considering each formation separately, I 
think that the best plan will be to act as guide to each glen, and take 
such note of the section exposed therein as the circumstances of 
the case will permit. The diagrammatic sections which i have 
prepared (figs. 1-6) will aid in the elucidation of my remarks. 

I propose to commence at Demnat, taking the glens in their 
order westward : - -  

(1) The Wad Demna t .  (Fig .  l ,  p. 200.) 

The Wad Demnat leaves the Atlas ~ountains near the eastern 
termination of the great plain of Morocco. The entrance to the glen 
is through an open gorge cut out of a series of vertical limestones 
with intercalated beds of shale. The glen speedily begins to open 
out, th~ widening being due to a great dyke or boss of easily 
weathered basalt, the cccurrence of which provides a clue to the 
origin o~ the vertical position of the limestones and the unusual 
fertility of the soil. The town of Demnat stands in the hollow 
formed by the denudation of the basalt, the limestone-rocks sur- 
rounding it in an irregular amphitheatre of mountains and hills. 
Pcoceeding up the beautiful, fertile, terraced valley, the mountains 
dose in, as the traveller passes once more from the basalt to the 
ompact Limestone Series. This is not, however, thrust up verti- 
cally, bu t  dips south or towards the mountains at an angle of 
~me 30 ~ From this point the sides of the glen rapidly close in 
~ill, about 3 miles south of the town, they meet, seemingly blocking 
;he valley by a precipice between'150 and 200 feet high, from the 
~op of which the mountains again spring to a further height of 
500 to 1000 feet. 

At first the Wad Demnat appears to well from the living rock at 
the base of the limestones, but further observation reveals the 
existence of a narrow, broken gorge, arched over by a natural 
bridge of travertine, which joins the walls of the gorge at an 
altitude of over 100 feet. More remarkable still, it soon appears 
that this natural bridge fulfils the function of an aqueduct, by 
which a considerable stream is conveyed from one side of the glen 
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s the other, where it escapes in a waterfall, while it also forms an 
invaluable means of communication for the inhabitants of the 
~pposing slopes. 

Above Iminifiri, as this singular natural bridge is called, the 
limestones are seen to form a comparatively shallow valley or 
mountain-step, broken somewhat by a series of ridges which a r e  

s e e n  to coincide with synelines, off which the red shales and 
sandstones that occupy the hollows have been denuded. 

Beyond this middle section of the course of the Wad Demnat, the 
Irghalnsor mountain towers abruptly to a height of 5500 feet, its 
steep face coinciding with the northerly dip of the limestones. 
Between Irghalnsor and the main mass of the mountains lies the 
deep glen of the upper course of the Wad Demnat, carved out of 
the friable red shales and sandstones. 

Standing on this coign of vantage, it is not difficult for the observer 
to perceive that the massive, almost unbroken wall, which rises so 
majestically before him to a height of  10,000 feet, forming the 
~entral crest of the Atlas, is composed of sedimentary rocks similar 
~o those upon which he stands, a conclusion verified farther west 
when the mountains are crossed from north to south. 

An excursion farther west, to Tasemset, and the excavations of 
the Wad Tessaout reveal a similar succession : the outer flanking 
limestones, in vertical or highly contorted beds, folded into  V's 
and W ' s ;  an enormous basalt-dyke parallel with the axis of the 
mountains; and a middle zone of limestones and shales, rising in 
broken scarped folds in ever-increasing magnitude, till they sweep 
skyward in one grand culminating mass. 

I t  is along this section that the Upper Cretaceous rocks attain 
their greatest development, masking indeed, so far as the secondary 
ranges are concerned, the lower shales and sandstones. 

(2) The W a d  Gadat .  (Fig. 2, p. 200.) 

We may pass now to the section which, following the Wad Gadat, 
crosses to the valley of Teluet, on the southern flank of the range. 
Starting from Tezert, about 4 miles east of the Gadat, the traveller's 
route takes him over some low hills chiefly made up of friable basalt, 
which possibly may be a continuation of the Demnat dyke, occupying 
as it does the same position at the base of the mountains. From 
the basalt-hills one descends into the small glen of the Wad Lar~ 
where the limestones occur, much altered by the intruded igneous 
rock. At this point the traveller leaves the Upper Series and enters 
upon the area of the Lower Beds, which here consist almost exclu- 
sively of friable red and purple shales with numerous brine-springs. 
The same formation continues as far as Enzel on the Wad Gadat, 
where the mountains rise abruptly to a height of over 8000 feet, and 
largely composes these mountains. 

In following the course of the Gadat a great narrow glen is 
entered, with clay-cliffs rising almost perpendicularly several 
thousand feet above the river. Owing to the decomposed condition 
of these clays, it is almost impossible to t.race their bedding, but they 
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seem to have been much folded and now dip at a variety Qf high 
angles. With each mile that the traveller penetrates into the heart 
of the range the scenery develops in savage picturesqueness, owing to 
the appearance of sandstones, which break the glen into more varied 
irregularities. Gradually the sandstones increase in thickness, until 
at last the shales practically disappear, and the glen narrows into 
a forbidding gorge, dangerous and painful to traverse, alike for 
man and beast. 

At length, after many hours of toilsome travelling, one reaches 
the neighbourhood of Zarktan, there confronting the central mass 
of the Atlas, opened up to view by the division of the Gadat 
gorge into a series of radiating glens which spread themselves over 
the face of the mountains. This sudden opening-up is evidently 
due to a great fault running parallel with the mountains, by which 
displacement of the rocks has taken place on a vast scale. On the 
north side of this fault, and dipping in that direction, the above- 
mentioned sandstones recur, while on the south lies a great series of 
much-weathered red and purple shales dipping in a direction opposite 
to that of the sandstones. In these have been excavated the glens 
and valleys around Zarktan. 

Across these shales the traveller threads his way, finding it im- 
possible to trace the sequence of the beds, until, reaching the base 
of the central and highest mountain-rauge, he is confronted by 
another great fault and another abrupt change in the character of 
the rocks. Before reaching the last mountain-barrier the red shales 
had passed into grey, and now at the fault are seen black shales- 
with a capping of quartzites. In remarking tbat the hollow, of 
which Zarktan is the centre, is marked off north and south by 
faults, :[ am irresistibly impelled to the conclusion that primarily the 
hollow is due to a subsidence, and only secondarily to denudation. 

From this point onward, the Asif Adrar-n-Iri has carved a great 
gorge or narrow glen, not merely deep into the heart of the main 
chain, but practically right through it, wherefore the final pass by 
which the traveller crosses lies at a comparatively low level on the  
southern side. 

Near the end of the course of the Asif Adrar-n-Iri, at a locality 
known as Titula, the glen opens out into a pear-shaped expansion,. 
and presents one of the most desolate views imaginable, in its 
absence of vegetation and its gloomy colouring, due to the black 
and grey shales and rusty quartzites. 

I t  is at Titula that one may first note undoubted evidence of the 
former action of glaciers in the Atlas. On all sides masses of 
ddbris, including huge angular blocks of quartzite, etc., meet the  
eye in such conditions and positions as admit of no other explanation 
of their existence than that of ice-action. 

At Titula also commences the final ascent of the Tizi-n-Teluet, 
by which the southern slopes are gained, and the drainage-basin of 
the Wad Draa is entered. The final barrier between the Wad Gadat 
and the valley of Tehet  consists of the narrowest of mountain-~ 
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strips. Indeed, but for a geological phenomenon, that barrier would: 
not now exist, and the valley of Teluet would be drained into the 
Gadat instead of into the Draa. Thepreservation of this barrier 
is due to the abrupt bending over of the massive quartzite which 
caps the friable shales of the central mass of the Atlas. From 
being a horizontal cap resting on shales, and therefore easily under- 
mined, it now stands as a vertical wall running across the pass, 
and subject only to the slow erosive processes of ordinary weathering. 
As it is, these processes have succeeded in cutting it down from its. 
original level of over 11,000 feet to that of 8400, the height of 
the notch which forms the Pass of Teluet. 

On crossing this pass, a great sheet of basalt is seen to have 
been intruded between the sandstone-beds, as if to stiffen and 
strengthen the rocky barrier of the pass. The southern slope of 
the mountain is found to coincide approximately with the dip 
of the rocks. 

The rapid descent from the pass brings one to the interesting 
little valley of Teluet, the seat of the great mountain Kaidship or 
province of Glauwa. The rocks in which it has been excavated 
are red shales and marls, similar to those exposed around Zarktaa 
and Er~zel. They are seen to be much folded, and rise southward, 
to form the plateau of the Anti-Atlas. An examination of the 
valley seems to point to glaciers as the chief excavating agent. Its 
floor is now strewn with moraine-heaps and large blocks of rock, 
many of them weighing several tons. 

Such are the chief geological characteristics of  the Atlas along 
the Gadat to Teluet. We have seen that the limestones are here 
somewhat poorly developed on the outermost flanks of the mountains, 
and marked, as at Demnat, by the intrusion of a great basalt-dyke. 
Proceeding southward, these limestones are observed to give place 
to a great series of red and purple shales at Enzel, and then to a 
sandstone series. Again, the red shales at Zarktan are followed by 
an enormous development of grey and black shales, rising to an 
altitude of 12,000 feet. The latter, as mentioned above, are capped 
by a massive quartzite which, bending over, has resisted the denu- 
dation of the southern slope and the inclusion of Teluet in the 
drainage-system of the Gadat. In Tehet  and the plateau to the 
south, the red and purple shales once more reappear, ttow far the 
three outcrops of red shales may be simply repetitions of the same 
series by folding, or are different deposits, cannot yet be determined 
with confidence ; and similarly, one can only form suppositions as 
to the relations of the grey and black shales to the red and purple 
shales. At all events, they may be included provisionally in the 
Lower Cretaceous Series. Thus much, however, we know, that 
metamorphic rock# do not exist in this section, and, with the 
exception of the basalts already named, no igneous rocks either. 
t tere also I first discovered evidence of undoubted glacial action, in 
the dgbris at the head of the Gadat glen, and the moraine-heaps and. 
huge boulders of the valley of Teluet. 
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(3) The Moun ta ins  in Glauwa and Misfiwa. 

In passing westward to the next glen to be explored, the traveller's 
route takes him across the lower and outer ranges of the provinces 
of Glauwa and Misfiwa. Leaving the Wad Gadat above Enzel, 
he crosses first a series of red shales backed by an outcrop of basalt. 
The traveller finds himself on an undulating surface, with scarped 
hills on the west, formed by a capping of limestone over the shales. 
Irregular folds bring these beds to the surface in different directions. 
One of these folds has been fractured along the anticline, and tbrms 
a small valley, from which the rocks dip on either side. 

An intrusion of a more northerly boss or dyke of basalt seems 
to have had something to do with these folds. At one place may be 
seen a circular depression through which runs the Wad Misfiwa, 
and in which a boss of basalt crops up, while all around the lime- 
stones dip towards the various points of the compass. 

I t  is in this province of Misfiwa that the boulder-beds described 
by ]~[aw, 1 and to which he ascribes a glacial origin, are found. I t  
might fairly be assumed, I think, that a glacial deposi~ several 
thousand feet thick could hardly be formed in any very restricted 
area. What  evidence then, one may ask, is there of the con- 
tinuation of these boulder-beds eastward or westward of the locality 
where Maw examined them ? I can only answer that there is 
none. A couple of miles east of Maw's boulder-bed, the sole 
evidence of glacial action that came under my notice was a clearly~ 
defined, railway-embankment-like moraine, of no great breadth or 
thickness, extending, from behind the Zarktan Mountains, for a 
distance of 5 or 6 miles towards the plain. This moraine, with the 
exception of the glacial drift of Tehet,  was by far the most im- 
portant evidence of ice-actionthat I ever saw in the Atlas. This 
fact makes me extremely sceptical of Maw's theory, all the more so, 
as the situation of these boulder-beds is precisely where one would 
least expect to find such an accumulation, namely, between two 
great glens, running into the heart of the mountains, which would 
be the natural channels of the ice from the heights beyond. As 
I have not myself seen these deposits, I cannot venture any opinion 
as to their origin. 

As yet the glen of the Wad Misfiwa has not been penetrated, 
but the glimpses which the traveller obtains, on his way to Urika, 
of the mountains beyond suggest a change in the geological forma- 
tion. The bolder and more irregular outlines are eloquent of other 
rocks than shales and sandstones, and it needs but a glance at 
the d5bris ~ the river-channel to ascertain that grauwack6 and 
diorite form l~art of the inner framework of the great masses into 
the core of which the Wad Misfiwa cuts its way. 

1 [App. H to Hooker & Ball's' Marocco & the Great Atlas' (1878) pp. 45~- 
461.] 
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(4) The W a d  Ur ika .  (Fig. 3, p. 204.) 

We now come to the Wad Urika, the glen of which, despite 
Sir Joseph :Hooker's and my own efforts, remains only partially 
explored. 

As in the case of the entrances to the glens of the Wads Demnat 
:and Gadat, that of Urika is marked by a series of limestones thrown 
into a vertical position by an intrusion of basalt. The limestone- 
beds have but a slight development here, and are replaced on the 
opposite side of the basalt-dyke by purple shales and sandstones, 
with beds of what appears to be volcanic breccia dipping at a low 
angle northward. 

These shales and sandstones form a series of comparatively low 
hills, till some 3 miles from the plain a fault occurs, and a series 
of fine-grained red sandstones rise abruptly to a height of  several 
thousand feet. Close to the fault is an outcrop of crumpled 
dark shales, which may belong to the same series as those observed 
on the Wad Gadat. Near the same point, the eastern side of the 
glen is marked by a narrow platform of ddbris, 200 or 300 feet 
thick, and rising to that extent in a bold precipice above the river. 
The size and shape of the contained boulders and the general 
characteristics of the deposit point to a glacial origin, but on this 
point I should not care to express any very decided opinion. 

As hitherto no traveller has been able to penetrate farther than 
the fault, one can but theorize as to the composition of the 
mountains beyond; but, to judge from the river-ddbris, it seems 
evident that the central mass is composed of metamorphic and 
igneous rocks. 

(5) The W a d  Reraya .  (Fig. 4, p. 204.) 

We now come to the important glen of the Wad Reraya, which 
penetrates to the very heart of the Atlas. I t  has been examined, 
not only by myself, but by Sir Joseph Hooker, the latter having 
followed the Ait Mesan or western division of its upper course, 
while I explored the Iminnen or eastern branch. 

At Taghnowt the glen is comparatively open, displaying in its 
sides outcrops of white limestone and red shale which form a small 
anticline. A mile farther up, the glen suddenly narrows, the con- 
traction being due to an outcrop of metamorphic rocks, whoso 
junction with the shales is marked by a fault. For a couple of 
miles the river winds in a narrow gorge through these rocks, till 
once more the Cretaceous Series reappears, dipping at a low anglo 
southward. So far, a southerly course has been followed, but now 
the traveller turns suddenly westward, to find that he is following 
the outcrop of a basalt-dyke, from which an open valley has been 
excavated. On either hand, heaps of travelled ddbris are seen to 
cluster on the mountain-sides, and owe their position and origin 
probably to ice-action. 

on May 28, 2016
 at University College Londonhttp://jgslegacy.lyellcollection.org/Downloaded from 

http://jgslegacy.lyellcollection.org/


Vol. 55.] sou~rRs  xoaocco x~l) ~rr  A~r~AS ~ o v ~ I s s .  207 

The westerly trend of the route followed continues as far as Asni, 
where once more the traveller turns southward into the mountains. 
A mile beyond Asni these rise abruptly, and on entering them 
the Wad Reraya divides, as before mentioned, into two branches, 
the Wad Air Mesan and the Wad Iminnen. 

At first the traveller picks his way through a narrow gorge,�9 cut 
out of a series of variegated sandstones, shales, and limestones, 
dipping at a low angle northward and rising to a height of over 
7000 feet above the sea. A mile or more farther up, the gorge 
widens out into a glen, when an intrusion of porphyrite alters the 
dip of the sandstones from a low northerly to a high southerly dip, 
rising to the vertical where they abut, as they do a littie farther 
on, against a series of metamorphic rocks broken into by 
diorites, porphyries, etc. Once more the glen contracts into a wild 
and picturesque gorge simultaneously with the geological change. 
Gradually, as one penetrates farther into the mountains, intrusive 
masses of diorite and porphyries become more frequent, until they 
form the greater bulk of the rocks. At length, when right in front 
and at the base of the culminating heights, the Wad Iminnen turns 
eastward at a spot coincident with the reappearance of a series of 
metamorphic rocks, whose strike is parallel to the trend of the 
glen, the much-shattered slates being more easily weathered than 
the massive and compact igneous bosses. From the summit of the 
Tizi Likumpt, at a height of over 13,000 feet, it is possible to 
follow, by tracing the surface,features, the course of the combined 
core of metamorphic and igneous rocks as far as the Jebel Asif Sig 
(or Niltsin of Adm. Washington), and to assure one's self that the 
mass of Tizi-n-Tafiajurt is of similar composition. 

(6) From Amsmiz  across Gindafy  to Sus .  (Fig.  5, p. 208.) 

Further insight into the structure of the Atlas is afforded by the 
glen of the Wad Amsmiz in the flanking mountains, and the glens 
of the Wads Nyfis and Agandice in the central massif and on the 
southern slope. 

On entering the glen of the Wad Amsmiz, the first rocks traversed 
are a thin series of white limestones and cream-coloured sandstones 
lying in vertical beds against metamorphic schists, and forming the 
northern slope of the mountains. On the traveller's left, going 
southward, he finds the whole massif composed of much bedded and 
jointed metamorphic rocks, seamed with veins of flesh-coloured 
porphyry; while on his right similar rocks are capped by a great 
series of fine cream-coloured sandstones and limestones dipping 
slightly southward, and ending in a great fault where the mountains 
rise in another giant step. A couple of miles farther on the 
Wad Amsmiz divides, one branch spreading itself over Jebel Tezah, 
the other cutting deep into the mountains. Crossing, at an altitude 
of over 10,000 feet, the slates and grauwackds of which Jebel 
Tezah is composed, the traveller descends into the deep glen or 
valley of Gindafy, the middle mountain-course of the Wad Nyfis. 
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Gindafy forms a cleft in the very heart of the Atlas, the centraI 
mass being excavated till its sides alone remain, like the lips of an 
oval cup, forming on the north the mountain-ridge of Jebel Tezah, 
and on the south that of Wishdan, both reaching a height of 10,00(} 
feet above sea-level. The outlet of this glen is the deep gorge of 
the Wad Nyfis. 

Geologically, however, the most remarkable feature of this 
mountain fastness is the occurrence of red flaggy sandstones with 
numerous angular pebbles scattered throughout them. These cling 
to the northern side of the valley, at an angle corresponding with 
the slope of the mountains, and seemingly bend round in a sharp 
syneline, to occupy a similar position on the opposite side of the 
valley. 

I t  would be difficult to account for the occurrence of this curious 
sandstone-pocket in the very heart of the mountains. Can it be 
that it was deposited in a small lake or tam, say thrice or four 
times as large as the present area of Gindafy, in which floated masses 
of ice laden with angular pebbles from the mountain-sides ? I f  so, 
one must also be prepared to admit that a lateral movement of the 
opposing mountains followed the deposition of the sandstones, 
whereby they approached each other, contracting the valley of  
Gindafy to its present width and forming the syncline in which 
the sandstones lie. 

Descending into the valley, the traveller finds, near the entrance 
of the gorge whiclf cuts through the northern mountain-barrier, a 
deposit of huge boulders and shingle more than 100 feet thick, 
due, I believe, to glacial action ; though it may have arisen by an 
accumulation of river-drift, caused by a temporary block in the 
gorge. The latter may be the real origin of the deposit, although, 
judging from the cursory examination that I was able to make of i t ,  
I am disposed to adopt the former theory. Crossing to the southern 
side of the small valley, one obtains a splendid insight into its 
geological constitution, thanks to the cai~on4ikc gorge of the Wad 
Agandice, one of the chief tributaries of the Nyfis, which it joins ia  
the valley of Gindafy, close to the gorge which drains that valley. 

In the immediate vicinity of the entrance to the Agandiee cation 
a trachyte-dyke breaks through the red sandstones, which, as o~ 
the northern side of the valley, may be seen resting upon the meta- 
morphic rocks. The latter are largely composed of crystalline 
limestones, much crumpled and foliated, but chiefly ridged up in 
vertical beds. The limestones extend for more than a mile up~ 
the Wad Agandice, forming the northern half of Jebel Wishdan. 
Then, almost at the centre of the mountain, an ablmpt change takes. 
place: the traveller leaves the metamorphic area, to find himself 
once more among the Cretaceous rocks, here dipping northward at 
angles of 25 ~ to 30 ~ in great massive beds of yellowish sandstone 
and purple or blue shales intercalated with thick beds of lime stone 
At the point of junction of the two widely different formations, the 
Wad Agandice has cut a section several thousand feet deep, right 
across the mountains. A mile or more farther up the cation, 

Q. J. G. S. No. 218. e 
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considerable thickness of diorite is seen to have been intruded 
between the Cretaceous strata. Farther up still occurs a con- 
formable bed of volcanic breccia ;  and then, at the point where 
the Wad Agandiee branches into two, is a great intercalated sheet 
of basalt. Whether this is a contemporaneous lava-sheet, or sub- 
sequently intruded between the beds, I cannot say, but incline to the 
former view. In  any case, it can be traced in a conformable sheet 
right up to the top of the mountain which overlooks the Wad Sus, 
on the south side of the Atlas range. 

In  returning to the plain, the way lies down ~he Wad Nyfis, 
instead of across the mountains. On leaving Gindafy, the traveller 
passes at first through a narrow gorge cut out of the sandstones, 
here hardened and altered. From the sandstones he quickly passes 
to the friable, much-jointed, and thinly-bedded schists of the meta- 
morphic area, with a corresponding broadening of the gorge into a 
tortuous glen, its many windings being due to the occurrence at 
places of more compact rocks. These schists and grauwack~s mark 
the whole course of the Nyfis, till near the mouth of the glen, where 
some red sandstones and shales reappear. 

The chief point of geological interest that  calls for attention in 
the glen of the Wad Nyfis is the undoubted evidence of glacial 
action which may be remarked at several localities. Heaps of 
moraine-dgbris are to be seen at various elevations above the river- 
channel, and among the boulders I met with ~everal well-striated 
specimens. Further evidence of glaciation is to be found in the 
smoothed and polished rock-surfaces, which have been preserved from 
the destructive effects of frost and rain by a covering of glacial 
d~bris. 

(7) The As i f  el Mel.  (Fig. 6, p. 208.)  

In  the section across the small province of Marossa and Jebel 
Ogdimt to Sus one finds a comparatively much greater development 
of the metamorphic area than in the section that has just been 
considered. In  its main features it resembles the section displayed 
in the glen of the Wad Demna~ (p. 199). Thus, a thin series of 
yellowish limestones and sandstones are seen clinging in vertical 
beds to the outer flank of the Atlas range, and resting against the 
metamorphic schists, which rise into low, broken mountain-masses. 
A few miles up the glen, a capping of Cretaceous rocks of con- 
siderable thickness appears, dipping very slightly southward and 
ending abruptly against the western continuation of the fault already 
remarked in the Amsmiz glen (p. 207). Here also the metamorphic 
rocks shoot up from beneath the sandstones, and rise into picturesque 
mountain-masses with stern, precipitous faces. There is one point to 
be noted in our examination of this fault--namely, the clear evidence 
which it presents that the upheaval of the Atlas range has not 
been solely due to the mere folding of the earth's crust, but that 
the main force or chief line of weakness lay along the central axis 
of the mountains; and that, in consequence, the internal parts 
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were  pushed up without always carrying the adjacent beds with 
them. To some such movement as this must be due the step-like 
arrangement of the flanking-ranges, the series of fault, s at the base 
of these steps, and the crumpling and crushing of the rocks at such 
faults. The last-named phenomenon is well seen at the junction of 
the Cretaceous with the metamorphic rocks in the Marossa district. 
Here the sandstones and limestones, which cap the lower ranges 
on the north and lie almost horizontally, are contorted in the most 
remarkable manner along the line of fault, where the metamorphic 
rocks have been forcibly thrust up to a height of several thousand 
feet. 

The same feature may be seen all along the fault to the Amsmiz 
glen. A_ tributary of the Asif el Mel has excavated a consider- 
able gorge along this line of fault, showing the result of the 
upheaval. At one place, the Cretaceous beds are crumpled into 
sharp curves, in another the beds are ridged up vertically, while 
50 yards from the fault the same rocks are seemingly undisturbed. 
In  passing, we may note that in this gorge a very good example 
of a terminal moraine can be seen, made up of great polished 
subangular blocks in a matrix of fine material. At one time, this 
moraine dammed back the streams and formed a small turn, now 
drained off. 

From Marossa, right across to the Sus Valley, one finds nothing 
but metamorphic schists, grauwack6s, quartzites, and crystalline 
limestones, and, if the Cretaceous rocks are anywhere represented on 
the southern slope of the range, they must occur at a very low 
altitude. Standing on the peak of Jebel Ogdimt, overlooking the  
Sus plain, I could perceive no feature in the scenery which even 
suggested their existence. 

(8) F r o m  I m i n t a n u t  to 8us.  

We now come to the last section, no longer, however, across the 
Atlas range, but along its western end, where it merges into the 
plateau-land of Mtuga and Haha. 

On leaving the district of Imintanut, the mountains are entered 
by a narrow gorge, which immediately widens out into a glen. 
This narrowing is the result of the greater power of resistance to 
denuding agencies presented by a thick, hard, cream-coloured lime- 
stone, dipping at an angle of about 60 ~ northward, coincident with 
the outer slope of the mountains, and presenting a scarped face on 
the opposite side, capping at the same time the more friable shales 
and sandstones. A rich fossiliferous bed  appears here, a circum- 
stance of which unfortunately I was not able to avail myself. 

Immediately beyond the gorge the glen divides into three. I f  the 
traveller follows the western branch, it is found to be excavated along 
the line of junction of the Cretaceous and metamorphic rocks. At the 
head of the glen we again turn southward, still skirting, however, the 
line of junction of the two formations; but the Cretaceous is now 
represented by the red sandstones and shales of the Lower Series. In  
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this way the traveller crosses the glen of the Wad Msira, and then 
finds himself, after ascending a little, at the commencement of a ~ 
long shallow valley trending southward and draining into the Wad 
Sus. Again are the valley and the junction of the two formation~ 
coincident, and moreover the junction marks a line of fault where the 
metamorphic rocks have been thrust up, to the disturbance of the 
Cretaceous Series along the line of upheaval. The last-named rocks 
have been tilted at various angles, while a short distance from the 
fault the beds are scarcely disturbed from their horizontal position. 

South-west of the village of Ida Uziki the Atlas begins to tail: 
off very rapidly, but here again recurs the same characteristic 
upheaval of the metamorphic rocks without disturbance of the 
general horizontality of the red sandstones and shales--except along 
the immediate line of uplift, where, of course, the Cretaceous rocks 
have been much disturbed and carried up on the flanks of the 
upheaved metamorphic series. 

The glen of the Asif Ig marks the end of the Atlas range, for here 
that range not only merges into the general level of the plateau, 
but the metamorphic rocks finally disappear beneath the Cretaceous.. 

Discussiol~. 

The Pa~SID~NT explained ~hat the manuscript of the foregoing 
communication was found, in 1898, among some of the papers of 
the late Mr. Topley, and was handed over by his son to the speaker. 
The name of the author did not appear to be marked on it, but the m 
initials ' $. T.' were inserted below some faint pencil-marks on a 
wrapper. He thought that it must have been written by that able 
observer, the late Joseph Thomson, and, on its being shown to 
Dr. Scott Keltie, Secretary of the Royal Geographical Society~ 
he at once identified the handwriting. 

On comparing the manuscript with Thomson's book and paper, 
Proe. Roy. Geogr. Soc. vol. xi (1889) pp. 1-16, it was found that 
though various geological notes were scattered through these, the 
present communication contained much more than these notes, and 
it also has the advantage of putting all together. He thought 
therefore that it should be read before the Geological Society, espe- 
cially as Morocco is a country of which so little is known. 

Mr. GiBson said ~hat, as a student of African geology, he 
felt impelled to bear testimony to the Author's excellent geo- 
logical work in Africa. His notes on the geology of the routes 
traversed by him in the Great Atlas and Southern Morocco were an 
acceptable addition to the knowledge of these little-known regions. 
The absence, so far as yet shown, of older or younger Paheozoic 
formations on the flanks of the Atlas is noteworthy, as these deposits 
a r e  well represented south of that chain. The east-and-west faults 
mentioned in the paper are parallel to the main lines of dislocation 
in Algeria. 

Prof. Hw~L felt grateful to the President for rescuing thi~ 
important paper from oblivion and bringing it before the Society. 
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In  consequence of the extreme difficulty attending exploration 
in ]lIorocco, any addition to our knowledge of t h e  geology of the 
Atlas range was of especial interest and reflected high honour 
on the courageous explorer. The structure of the Moroccan Atlas 
appeared to the speaker to be in harmony with that of Northern 
Africa generally, where very ancient crystalline and metamorphic 
rocks were immediately succeeded by Cretaceous strata. As the 
Author observed, there was an entire absence of Pal~eozolc rocks, 
and we might add, of Triassic and Jurassic. Such was also the case 
in  the Nile Valley and Arabia Petr~ea, with the exception, in the 
latter country, of a slight representation of Lower Carboniferous 
limestones (first recognized by ~r .  H. Bauerman) at distant intervals. 
The speaker considered that the Atlas range formed the margin 
towards the north of the great Cretaceous basin which was spread 
~)ver the Desert of Sahara, and stretched across the Nile Valley; 
and later, that of the Eocene Nummulitie sea. 

Prof. W~TTs also spoke. 
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